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Dear Sir: 

1, Luis Dc Taboada, declare as follows: 

1. I am a co-inventor of the claimed subject matter of the above-captioncd patent 



2. I have reviewed the above-captioncd patent application, including: the 

specification and figures, the as-filed claims, and the pending claims as amended in the 

"Amendment and Response to February 23, 2006 Final Office Action" submitted herewith. I 

have also reviewed the February 23, 2006 Final Office Action in ihe above-captioned patent 

application, and the prior art references cited therein, including: 

U.S. Patent No. 5,150,704 issued to Tatcbayashi ct al. ("Tatebayashi"); 

U.S. Patent No. 5,282,797 issued to Chess ("Chess"); 

U.S. Patent No. 6,537,304 issued to Oron ("Oron"); 

U.S. Patent No. 6,3 12,451 issued to Streeter ("Streeter"); 

U.S. Patent No. 5,474,528 issued to Mcscrol ("Meserol"); 

U.S. Patent No. 5,622,1 68 issued to Keusch ct al. ("Keusch"). 

U.S. Patent No. 5,643,334 issued to Eckhouse et al. ("Eckhousc"); 

U.S. Patent No. 6,045,575 issued to Rosen et al. ("Rosen"); 

U.S. Patent No. 6,277,974 issued to Lo et al. ("Lo"); und 



application. 



-1- 



AppLNo. : 10/682,379 

Filed : October 9, 2003 

U.S. Patent No. 6,551 ,308 issued to Mueller et aL ("Mueller"). 

3. Tatebayashi discloses a laser therapeutic apparatus for treating a patient by 
irradiating selected body parts by laser beams from a plurality of laser probes. Tatebayashi 
discloses irradiating various body parts (e.g., finger joints, toe joints, and joints such as the 
shoulders, knees, wrists, ankles), but does not disclose or suggest irradiating the brain. In 
addition, while 1 atebayashi discloses using laser diodes to generate the laser light, Tatebayashi 
docs not disclose or suggest any values of the power density or the wavelength with which the 
body parts are irradiated. Persons skilled in the art of phototherapy would understand the 
disclosure of Tatebayashi as not disclosing or suggesting irradiating a portion of the patient's 
brain approximately. 2 centimeters below the dura with light having a power density between 
about 0.01 mW per square centimeter and about 100 mW per square centimeter, 

4. Chess discloses a method of treating cutaneous vascular lesions (eg., vericosc 
veins) by laser irradiation. Chess discloses irradiating the target area through the epidermis 
while simultaneously subjecting the epidermis to a cooling medium at the location of the 
epidermis entered by the laser beam. Chess does not disclose or suggest irradiation of the brain 
or any values of the power density of the irradiation. Persons skilled in the art of phototherapy 
would understand the disclosure of Chess as not disclosing or suggesting irradiating a portion of 
the patient's brain approximately 2 centimeters below the dura with light having a power density 
between about 0.0 1 mW per square centimeter and about 100 mW per square centimeter. 

5. At column 5, line 6 - column 6, line 15, Oron discloses phototherapy experiments 
that were performed on rats, and discloses that energy densities of 8 mW per square centimeter or 
of 5 mW per square centimeter reached the brain tissue of the rats. A rat brain is typically only 
about 10 to 12 millimeters in diameter, so no portion of the rat brain is at a depth of 
approximately 2 centimeters below the dura of the rat brain. In addition, it is not obvious that 
irradiation of the surface of a rat brain would have a corresponding effect if performed on a 
human brain. Persons skilled in the art of phototherapy would understand the disclosure of Oron 
as not disclosing or suggesting irradiating a portion of a brain with light having a power density 
between about 0.01 mW per square centimeter and about lOOmW per square centimeter at a 
depth of approximately 2 centimeters below the dura. 

6. At column 6, lines 1 7-39, Oron also discloses measurements of the penetration of 
laser irradiation through a fresh human skull to illustrate the transmittance of light through the 
skull wall. Oron discloses that the beam diameter of the laser was dispersed from 2 millimeters 
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externally to the skull to 3.5 centimeters in the skull cavity and had a power density of 3 mW per 
square centimeter after penetration through a skull wall having a thickness of about 
3 millimeters. Oron is silent regarding whether these measurements were made after the brain 
was removed from the skull or whether the brain remained in the skull during these 
measurements and was irradiated. Oron is also silent regarding the irradiation of the brain with 
light at a point approximately 2 centimeters below the dura. Persons skilled in the art of 
phototherapy would understand from the disclosure of Oron that Oron docs not disclose or 
suggest irradiating a portion of the brain approximately 2 centimeters below the dura with light 
having a power density between about 0.01 mW per square centimeter and about 100 mW per 
square centimeter. 

7. Streetcr discloses a low level laser therapy apparatus for treating musculoskeletal 
injuries, improving local cardiac microcirculation, and treating spinal cord transection. Streeter 
docs not disclose or suggest irradiation of the brain or any values of the power density of the 
irradiation. Persons skilled in the art of phototherapy would understand the disclosure of Streeter 
as not disclosing or suggesting irradiating a portion of the patient's brain approximately 
2 centimeters below the dura with light having a power density between about 0*01 mW per 
square centimeter and about 100 mW per square centimeter. 

8. The irradiation of a portion of the brain approximately 2 centimeters below the 
dura with a power density between about 0.01 mW per square centimeter and about 100 mW per 
square centimeter provides substantial advantages that were unexpected in view of previous 
work. For example, Exhibit A presents data from a recently-completed effectiveness and safety 
trial (unpublished) of a therapy apparatus and method in accordance with certain embodiments of 
the present application. This trial evaluated the effectiveness and safety of a treatment regiment 
which included removing hair, from the subject's scalp, followed by application of radiation 
having a wavelength of 808 nanometers and a nominal power density of about 700 mW per 
square centimeter on 20 prc-determined locations on the scalp for two minutes on each site. 

9. Exhibit A shows the scores on the mean NIHSS outcome scale over time for an 
"active" group of subjects that received the radiation treatment and a "control" group of subjects 
that received a placebo or sham treatment. Exhibit A shows that statistically significant 
differences in mean NIHSS scores between treatment groups appeared soon after treatment and 
were apparent throughout the 90-day study period. In addition, this study found that the active 
group exhibited more improvement as measured on various other outcome scales (e.g. y bNlH, 
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mRS, Rankin, BI, GS) than did the control group over the course of the study. Thus, subjects 
who received active treatment had better outcomes than did subjects who received sham control 
treatments. 

10. In a pair of separate studies, the transmission of radiation through a cadaver 
human skull and through a cadaver human brain was measured. In the skull transmission study 
(V.V. Lychagov ct aL, "Experimental study ofNIR transmittance of the human skull" Complex 
Dynamics and Fluctuations in Biomedical Photonics TIT, ed. by V,V. Tuchin, Proc. of SP1E Vol. 
6085, 6085T (2006), attached herewith as Exhibit B), an input beam having a wavelength of 810 
run, a power density of about 68 mW per square centimeter, and a beam diameter of about 30 
millimeters was applied to the shaved skin of the skulls of 20 cadavers at five regions with 
various thicknesses. Figure 2 of Exhibit B illustrates that the transmittance of the light varied 
from 0,5% to 5%, depending on the thickness of the irradiated portion of the skull. We 
performed an independent measurement (unpublished) of the transmission of 808-nm light with a 
power density of 424 mW per square centimeter applied to a cadaver human skull (including the 
shaved skin) having an average thickness of about 11 millimeters, and calculated the overall 
transmittance of the skull tissues to be about 2%, which agrees well with the results of Exhibit B. 

11. In the brain transmission study (unpublished), tor an input beam having a 
wavelength of 808 nm, a power density of 10 to 20 milliwatts per square centimeter applied 
directly to the dura, and a beam diameter (1/e 2 ) of 30 millimeters at the dura, Ihc power density at 
a depth of 15 millimeters from the dura was measured to be 0.148 mW per square centimeter, 
and at a depth of 25 millimeters from the dura was measured to be 0.020 raW per square 
centimeter. 

12. The effectiveness and salety trial cited above applied 808-nm light having a 
nominal power density of about 700 mW per square centimeter to the shaved scalps of the trial 
subjects. Using a value of 2% transmittance, in agreement with the skull transmission study 
cited above, the power density applied to the dura of the trial subjects was about 14 raW per 
square centimeter. Further using the data from the brain transmission study cited above, the 
effectiveness and safety trial cited above therefore included irradiating a portion of the brain 
approximately 2 centimeters below the dura with a power density between about 0.01 mW per 
square centimeter and about 100 mW per square centimeter. 

1 3. Therefore, the experimental results of the effectiveness and safety trial cited above 

are evidence that irradiation of a portion of the brain 2 centimeters below the dura with a power 
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density between about 0.01 mW per square centimeter and about 100 mW per square centimeter 
provides substantial benefits that were unexpected in view of prior work- 

14. I hereby declare that all statements made herein of my own knowledge arc true, 
and that all statements made upon information and belief are believed to be true; and further, that 
Ihese statements were made with the knowledge that willful, false statements and the like so 
made are punishable by fine or imprisonment, or both under Section 1001, Title 1 8 of the United 
States Code, and that Willful, false statements may jeopardize the validity of the application or 
any patent issuing thereon. - 

Dated :^^^ii/ mc>6 Bv>^^^y Sti^a o <=Uz_ 
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Exhibit A: 



Mean NIHSS overtime 
(120 Intent-to-treat patients) 




Active 
*— Control 



Days post-treatment 



2682863 
061406 
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Experimental study of NIR transmittance of the human skull 

Vladislav V. Lychagov*, Valeiy V. Tuchin a , Maxim A. Vilensky\ Boris N. Reznik b , Thomas Ichim b , Luis De Taboada c , 

a Institute of Optics and Biophotonics, Saratov State University, 83, Astrakhanskaya str., 410012, 

b BioRASI,USA 
c Photothera Inc., USA, 



ABSTRACT 

The results of measurements of transmittance of high power laser irradiation through skull bones and scalp are 
presented. Dependences of transmittance on sample thickness were received. Character of transmittance was 
investigated and characteristics of heterogeneity of the scattering structure of the skull bones are proposed. Besides that, 
variation of temperature of skull and scalp surfaces under exposure of high power laser irradiation during experiments 
was controlled. Experimental results were verified by Monte-Carlo simulations. 

Keywords: transmittance, bone structure, laser therapy, Monte-Carlo simulation 

1. INTRODUCTION 

During the last years laser technique had found increasingly wide application in medicine. In addition to using of high- 
power lasers in surgery (laser scalpel) laser irradiation is widely used in therapy. There are a lot of fields of application 
of laser therapy, such as: cure of arthritis, oculars, cardiac, skins and blood diseases. The influence of different types of 
laser systems on different biological objects was investigated during this time. 

Laser therapy at present is one of the most effective methods of treatment and prophylaxis of various diseases, primarily 
owing to possibility of fine adjustment of biological processes and noninvasive influence on structure of biological 
tissues. However, it is necessary to define properly radiation dose to avoid of negative thermal effect on biological 
tissues. As is well known, the power density of laser irradiation within the range of from 0.1 to 10 mW/cm2 is had the 
most effective influence to human tissues. The lower power density of laser irradiation could exert just stimulation 
therapy; the abnormal changes in tissues could happen using the high value of power density of laser irradiation. 

One of the possible adaptations of this method is a therapy of stroke and infarcts. Accordingly, the main aim of our 
studies was estimation of a dose of laser irradiation transmitted through skull bones and scalp tissue and arrived at a 
brain. A lot of parameters are significant in this case such as wavelength and power of irradiation, geometry of a beam, 
and mode of irradiation (continues wave, pulsed beam). To understand the adaptation processes within bone tissue it is 
not only necessary to take into consideration bone density but also bone structure. 

2. EXPERIMENTS 

Experimental research was carried out with preparing bone tissue and skin of the head. The scheme of the experimental 
setup is presented in Figure la. Collimated, 810 nm, 1 Watt laser beam of approximately 30 mm in diameter was used 
as a light source. 

CCD camera with necessary neutral filters was used for obtaining of a pattern of spatial distribution of transmitted 
irradiation. 
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Figure 1 : Experimental setup and method of measurements 



The absolute value of power at the central of distribution (maximum power) was measured using a 1 mm diameter fiber 
with cosine corrector and an Ocean Optics a USB2000 spectrophotometer. Thickness of the sample was measured at 
five points with the help of the slide gauge and averaged. The skin samples were held between two object-plates during 
measurement. Temperature of samples was measured by the voltmeter V7-27A/1 with the contact probe for temperature 
detection (Fig. lb). Square of working substance of the probe is equal to 1 square millimeter. Temperature was 
measured at the skin surface and skull in the center of irradiated field after exposure. 

3. MEASUREMENTS 

Using CCD we made a sequence of frames (25 frames) with each domain of interest (temples, forehead, occiput, and 
vertex) for averaging, sequence of frames with the laser switch off for subtraction of backgrounds, and one frame with 
the scale for calculation of real dimensions of the frames. Then maximum power in the center of the distribution was 
measured five times by the spectrometer, using available calibration, and the light distribution was normalized to mean 
value. The resulting power density distribution was calculated in the following way: 

( Pdistry + Pdist^ + ... + Pdistr 25 Pbackgnd { + ... + Pbackgnd 25 ^ (/> max 1 + ... + P max 5) 
Pdistr res =y - - J SPdistr max 

The same procedure as described above was realized both with the skull only and with the skull with shaved scalp. After 
measurements we calculated the main characteristics of light transmittance: average radius of light distribution with the 
fixed power density, and its standard deviation. For example: 



N 

R ^* A " 
*0.7max " 



N 



where An is a point from vicinity of 0.7MaxPower level (0.7-e; 0.7+e), and R An is a radius vector of this point on the 
assumption of AO is a center of coordinate. N- amount of this points. Analogously for R 0 . 5 and R 0 .h 

4. RESULTS AND CONCLUSIONS 
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Measurements were carried out on 20 cadaver's heads, at 5 domains: forehead, left and right temples, occiput and 
vertex. In such a way dependence of transmittance on sample thickness was build up on 100 points. Measurements were 
performed both on the skull with shaved scalp and on the separate skull. In Figure 2 dependence of transmittance on 
sample thickness for both cases is presented. 

As it can be seen from this picture, decrease of transmittance with increase of sample thickness can be approximated 
well by exponential decay. The value of transmittance is varied from 0.5% to 5% in case of sample with scalp and from 
1% to 16% in case of single skull. In consequence of input power density was 68 mW/cm 2 value of transmitted power 
density varied from 340 uW/cm 2 to 3400 u.W/cm 2 and from 680 uW/cm 2 to 9000 jiW/cm 2 respectively. It is evident 
from results of experiments with separated bone tissue and experiments with skull and scalp, that layer of skin 
influences on transmittance the same way as skull, with that thickness of skin layer is less than thickness of skull. Such 
experimental results comply well with theoretical Monte-Carlo simulations, results of which are presented in Figure 3. It 
is obvious from this picture, that the theoretical dependence of transmittance on sample thickness has the same decay 
rate as experimental curve. Distinctions of the theoretical values of transmittance of skull-scalp sample from 
experimental data can be explained by that average optical parameters were used in Monte-Carlo simulations. 

Temperature control was provided during experiments. Temperature of the skin surface rose on 4 °C on average for the 
time of exposure of 4 minutes and the temperature of the external surface of the skull rose on 2 °C on average for the 
same time of exposure under such power of irradiation. Negligible changes of the temperature of the internal surface of 
the skull in few percent of degree were notice. It can be referred to inaccuracy of measurements. Dependence of 
temperature on time of exposure for one of the samples is represented in Table 1 . 




Figure 2: Dependence of transmittance on thickness of the sample - experimental results 

It was said above, that the radii of equal power density (0.1, 0.5 and 0.7 of maximum value) were estimated for the 
distributions of power density obtained in experiments. The dependences of radius 0.5 of maximum on transmittance are 
presented in Figure 4. It follows from this figure, that increasing of radius 0.5maxirnum with increasing of transmittance 
is well seen in most cases. Besides that, standard deviation of each radius of fixed power density was calculated, which 
defined, in this case, degree of heterogeneity of tissue's transmittance related with the features of the tissue structure, 
mainly with the features of the bone tissue. 

We can suppose that this scheme of irradiation can be used for therapeutic irradiation and can be employed for clinical 
study on the assumption of expected therapeutic power density at the dura mater of 7.5 mW/cm 2 . Values of power 
density obtained in both experiment and simulation lie in this limit. 
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The dependence of trans mrttance from the skull thickness 
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Figure 3: Dependence of transmittance on thickness of sample - Monte-Carlo simulations 



Table 1: Dependence of temperature on time of exposure 


object 


time of irradiation, min 


temperature, °C 


skull 


1 


21.9 


scalp 


1 


22.0 


skull 


2 


22.6 


scalp 


2 


23.2 


skull 


3 


24.1 


scalp 


3 


24.6 


skull 


4 


24.8 


scalp 


4 


25.6 
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Figure 4: Dependences of radius 0.5 of maximum on transmittance 
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